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2 Formulation   

WeconsiderrDM：Us・LeteachactivityofDMUj  
（ブ＝1，…，γ）beギ≡（∬㌻，好）∈点れ，Where  
a，j∈RmisalnPutVeCtOr，yj∈R8isaoutput  

VeCtOrandn≡m＋s．S11ppOSethatDMUl，…，  

DMUq（q＜r）areclassiBedintoe伍cientDMUs  
inCCR－mOdel，BCC－mOdelorva・riantsandthat  

DMUodenotestheDMUbeingtestedabo11tthe  

StabilityofitsclassiAcation，Wherethesubscript  

O∈（1，…，r）．Each DEAmodelassumes the  

theoretical1ypossibleinput．outputlevels（rqfbr－  

encesetP）anditcanpbeexpressedbye代cient  
activitieszl）・・・）Zq・AIso，1etP）0（denotethe  
referencesetconstr11Cted excl11dingI）MUo’sac－  

tivity．   

Themaximalradi11SPrOblemforefRcientDMUo  

isformulated as a convex quadratic program－  

mlngPrdblem：  

1 Introdurction 

DataEnvelopmentAnalysis（DEA）isausefu1non－  
parametricmethod toevalutatea・relativee伍－  

ciencyofmult－inp11tandmult－OutPutunitsbased  

onobserveddata．Itsgoalsmaybeabbreviated  

byclassifyingtheDecisionMakingUnit（DMU）  
intotwogroups；e侃cientorine鮎ient∴However，  

theunCertaintylikeameasurementerrotshould  

beincorporatedinobserveddata，andclearly，it  

isimportanttoassessthestabilityofe伍ciency  
classificatidnsinDEA．Inrecenty’earsasubstan－  

tialamountOfscholarlye鮎rthasbeendevoted  
tothe development ofe氏ciency measures con－  

sideringtheunCertainty（［1】，【2］etc）・  

Inthispaper，theexpansionof【2】for 

1ngthestabilityofclassificationispresented・An  

I）MUIscurrehtacti寸ityseTVeSaSthecenterfor  
acellwithin which the DMU，s classification re－  

mainsunchAngedunderperturbationofthedata・  
Themaximalradiusofsuchacell▲maybeinter－  
pretedasa・meaSureOfrobustn占ssfortheclaB－  
sification under perturbations ofthe data（es－  

pecia11ywith respect to errors）．We evaluete  

themaximalradi11SWiththei叩9r－PrOductnorm，  

Whilell，lw（orChebychev）nom＄areadoptedin  

【2】．Thereare，atleast，fo1lowlngthreemeritsin  

adopting the ellipsoidal norm. 

●Itisastandardnormfor 

bal1preservlngDMU’sclassification・   

●Fbrine侃ciet DMUs，the nearest efncient  

pointisobtained，i．e．，WeCan£ndthemost  

achievablelimprovement．  

●O11rformulationcan．beappliedtothesto－  

casticDEAmodel，Whichass11meSthatdata  

mayhavenormallydistributedmeasurement  

errOr．  

min（z－Zo）Lq（z一之o）  

s．t．z∈P）0（  （1）  

，WhereQispositivedefinitematriy   

When theDMUoisine侃cient，themaximal  

radiusproblemisredtlCedtothefo1lowlngnOn－  

COnVeXPrOblem，Whosefbasiblereg10ni畠thecom－  

Plementofaconvexset．  
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wheie雷denotestheとlosureofthesetX．   

Problem（1）isaconvexprogramingproblem  
andisrathereasytosoIveby11SlngSOmeOftyp－  

icalalgorithms．Ontheotherha・nd，Problem（2）  

haB a nOnCOnVeX body andis a・di用．cult prQb－  

1em．Th6refore，Weprlmalydealwiththisdi凪－  

cultproblerh，■and壷11showthat 

reducedtotheLinea・r曙everseConvexProgram－  
min左（LRCP）♭roblemよndtheConcaveQuaqratic  
Programming（CQP）problem・  
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4 Algorithm  

Fbr the concave minimization problem s11Ch as  

（CQP），enumerativealgorithmsbasedpurelyupon  

Cutting planes aJre SuggeSted・（See【3］・）Itis  

knownthatanoptimalsol11tionisalwaysfound  

afterafinitenumberofiterations，ifwecombines  

7－Validcutusedinp11reC11ttingplaneapproaches  

andhcialcutscreated byMajthay a，nd Whin－  

StOn（【4］）．Inthesealgorithm，Simplex－basedsearch  

foralocaloptimumisproposed，however，ittakeS  

muchcomp11tationinexchanglngbasicandnon－  

basicvariables，Sincethe q11adratictermofthe  

Objectivefunctionreq111reSadditionaloperations  

between matrices．Therefore，We PrOpOSe the  

teclmiqueofthesimplex，basedsearchfor（LRCP），  

Whichneednottheexchangeofbasica・ndnonba－  
Sicvaria・blesformatriⅩU・AIso，Wearrangethe  

COnStruCtionofthesetwokindofcutsfor（LRCP）  
andproposethefinitecuttingalgorithm．   

5 Simple Example 

Wb test our technique with the simple exam－  

Pleuslngtheactualdepertment－StOredata 

in1997・Wewillshowsomeresultsinthepre－  
sentation．  

3 Trans丘汀mation   

3．1LinearReverseConvexProgram   

Atfir8t，WeglVe80mefo1lowlngdefinitions・In  

BCC－mOdel，  
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∈R（叫1）×（れ＋1）   

InCCR－mOdel，thelastrowandcolumnvec－  

tors ofmatriⅩU and thelast element ofvectors  
（正and乏0）aredropped，i・e，，  

β＝（zl，…，ヱ，i）∈点叫巾），正＝y∈点乃，  

乏。＝Z。∈Rn，and U＝Q」．Then，forin－  
e氏cient DMtJo，COnSiderthefo1lowlngPrOblem  

includingonenonconvexconstraint：  

血n  g（正）＝一之訂〇  

subjectto DTa，≦0  
才Tu才≧1．  

（LRCP）  

Theorem3．1 エocαJαれdダgOむαJm盲れ盲m盲zer古材  

作用Cりα柁One－fo－OneCOⅣ℃呼0れd両fo血βeガ  

タ和独m「り．  

We canunifysome DEA－mOdels（CCR，BCC，  

andvariantS）whenmeasmingtheine侃ciencyof  
DMVo．   

3.2 Concave Quadratic Program 

Aswella．stheLRCPproblem，Wewi11showthe  

equivalencebetweenproblem（2）andtheconcave  
quadraticprogram（CQP）proposedbelow・The  
definitionsofD，aB，乏oandUaresamea点those  

of3．1．  
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